The objective was to investigate which screening variables in a population study predicted carotid endarterectomy. Among 793 carotid endarterectomies performed at Malmö University Hospital between 1991 and 1998, 85 patients (14 females) were identified that had participated in a population screening between 1974 and 1991. Median time from screening to operation was 16 years (range 6-26 years). Screening variables were compared with corresponding values from the background screening population (n = 33 261). As operated patients were older than the background population at screening (49 [37-60] vs. 46 [26-61] years; p Ͻ 0.0001), comparisons were age-adjusted. Operated patients had higher systolic blood pressure (SBP; 130 [126-133] vs. 125 [125-125] mmHg; p Ͻ 0.01), serum total cholesterol (6.1 [5.9-6.3] vs. 5.7 [5.7-5.7] mmol/l; p Ͻ 0.0001), serum triglyceride (1.4 [1.3-1.6] vs. 1.1 [1.1-1.1] mmol/l; p Ͻ 0.0001), serum glutamic acid transferase (0.46 [0.40-0.53] vs. 0.40 [0.40-0.41] kat/l; p Ͻ 0.05), and plasma fibrinogen (3.77 [3.42-4.16] vs. 3.35 [3.30-3.41] mmol/l; p Ͻ 0.05) levels, a lower 120-min insulin/glucose ratio at an oral glucose tolerance test (OGTT; 0.48 [0.38-0.58] vs. 0.60 [0.59-0.61]; p Ͻ 0.05) and forced vital lung capacity (3.7 [3.6-3.9] vs. 3.9 [3.9-4.0] l/min; p Ͻ 0.05), and a higher prevalence of smoking at screening (68% vs. 45%; p Ͻ 0.0001). Smoking, SBP, serum total cholesterol, and the 120-min insulin/glucose ratio remained independent predictors for carotid surgery in multivariate analysis. No differences existed among patients operated on because of symptomatic and asymptomatic stenosis. In conclusion, increased SBP and total cholesterol, lower 2-h insulin/glucose ratio at an OGTT, and smoking predict carotid surgery at long-term follow-up.
Introduction
Studies on predictive factors for surgery because of symptomatic or asymptomatic carotid artery stenosis during long-term follow-up are lacking. Intima-media thickness (IMT) of the carotid arteries has often been used as a surrogate measurement for clinically important atherosclerosis, since carotid artery atherosclerosis often occurs together with atherosclerosis in coronary 1 and peripheral 2,3 arteries, and factors predicting increasing carotid artery IMT are well known. In population studies, age, [4] [5] [6] [7] blood pressure, 4, 5, [7] [8] [9] diabetes and hyperglycemia, 7,10,11 total cholesterol, 5, 8, 9 LDL cholesterol and fibrinogen 1, 5, 12 levels, low HDL-cholesterol, 4, 5, 12 increased waist-hip ratio, 10 weight gain, 13 smoking, 4, 5, [7] [8] [9] 14, 15 and high alcohol consumption 16 have all been associated with excess risk for increasing carotid artery IMT.
Increased carotid IMT has been related to impaired glucose tolerance (IGT) and insulin resistance with inconsistent results. No increase in carotid IMT has been detected in IGT subjects. 17, 18 Increased 120-min insulin after an oral glucose tolerance test (OGTT) has been related to carotid University of Lund, Department of Vascular Diseases, Malmö University Hospital, Malmö, Sweden atherosclerosis, 19 but this relationship did not persist after adjustment for other variables. 19, 20 Fasting insulin 10 and low insulin sensitivity during insulin clamping 21 have been related to increased IMT, however. Furthermore, results differ between populations; no relationship between insulin after intravenous insulin injection and carotid IMT was detected in 58 non-diabetic subjects, 22 whereas carotid atherosclerosis was related to both hypo-and hyperinsulinemia in a population study. 23 The aim of this study was to investigate whether the above-presented risk factors are predictors not only of increased carotid IMT, but also of progression to either symptomatic or asymptomatic carotid artery stenosis of such clinical importance that surgical treatment becomes indicated.
Materials and methods
The Malmö Prevention Project was a health screening and intervention program carried out during the 17-year period 1974-1991, 24 in which a total of 10 902 women (mean age 48 Ϯ 7 years) and 22 444 men (mean age 47 Ϯ 7 years) participated. The screening and examination procedures have been described in detail previously. 24, 25 In brief, heart rate and blood pressure (BP) were measured in the right arm after 10 min of rest. Body mass index (BMI) was calculated as kg/m 2 . Hypertension was defined as current antihypertensive therapy and/or blood pressure Ն160 mmHg systolic and/or 100 mmHg diastolic at the screening exam-ination, in accordance with guidelines for hypertension published by the National Institutes of Health in the early 1970s. 26 Diabetes mellitus was considered to be present if there was a history of treatment for diabetes or a fasting blood glucose level of Ն6.7 mmol/l. Smoking was defined as current smoking at the time of participation in the screening program. As a measure of physical fitness, the forced vital lung capacity (FVC) was measured with a Spiroton apparatus (Drägerwerk AG, Lübeck, Germany). Use of blood pressure lowering drugs, heart glycosides, nitrovasodilators and analgetic drugs was recorded.
Venous blood was collected after an overnight fast, for determination of the erythrocyte sedimentation rate (ESR), hematocrit and hemoglobin (Hb) levels, total leukocyte count, platelet count, and serum total cholesterol, triglycerides (tg), total calcium, albumin, creatinine, gamma glutamic acid transferase (GT), and uric acid. Plasma protein analysis was performed in a subsample of 6499 individuals. The analyses were performed with routine methods at the Clinical Chemistry Laboratory of Malmö University Hospital. The fasting capillary blood glucose level was determined in all subjects, and a 120-min OGTT was performed in 6328 subjects. The fasting and 120-min ratio of insulin/glucose 25, 27 were used to evaluate insulin sensitivity/resistance. The study was approved by the Ethics committee at the University of Lund.
Patients and control groups
Between January 1, 1991 and October 31, 1998, 793 carotid endarterectomies were performed at Malmö University Hospital. Indications for carotid endarterectomy during this period were in accordance with the results of the European Carotid Surgery Trial (ECST), 28 i.e. symptomatic internal carotid artery stenosis of Ͼ70%. As two of the authors (AG, TM) participate in the Asymptomatic Carotid Surgery Trial (ACST), 29 in which patients with asymptomatic internal carotid artery stenosis are randomized to either surgery or medical treatment only, asymptomatic cases were also operated on at the hospital. Among all patients that had undergone carotid endarterectomy during this period, 85 (14 females) had participated in the above-mentioned screening program in 1974-1991, i.e. before their carotid endarterectomy. Median time between screening and carotid surgery was 16 years (range 6-26 years), and median age at carotid surgery was 65 years (range 49-77 years). Twelve patients had carotid surgery before 60 years of age. Among the operated patients, plasma protein analysis had been performed in 22 (26%). Patient baseline values for the different variables at the time of screening were compared with the corresponding values from the rest of the background screening population cohort (n = 33 261 [6477 regarding plasma protein analysis]).
Statistics
Values are mean Ϯ 95% confidence intervals (CIs) or proportions. Non-normally distributed values were analysed after logarithmic transformation. Differences between groups were assessed with Student's t-test, the Mann-Whitney U-test, or the chi-squared test as appropriate. The relative risk of ischemic cardiovascular disease was estimated in terms of the odds ratio (OR) and the 95% CI for a one standard deviation increase (for measurable variables) or in terms of the presence versus absence of a given factor as Vascular Medicine 2001; 6: 81-85 determined by logistic regression analysis after adjustment for age and sex. The independent significance of each variable was assessed with multiple logistic regression analysis after adjustment for other significant risk factors. All pvalues Ͻ0.05 were considered statistically significant.
Results
Operated patients (n = 85) were significantly older than the background screening population (49 [37-60] years vs. 46 Table 1 ). No differences regarding recorded use of medication existed between operated patients and the background screening population. Because of the multiple comparisons, a post hoc adjustment using Bonferroni's correction of p-values was performed, revealing that only pvalues below 0.01 should be considered as truly significant.
In addition, multivariate analysis was performed to evaluate the above-mentioned variables as predictors for later carotid surgery. Smoking, SBP, and serum total cholesterol remained as independent predictors (Table 3 ). Since fibrinogen was only analysed in a subgroup of 22 patients operated on later and 6477 of the background population, a separate multivariate analysis was performed in this group in which fibrinogen was not an independent predictor (p = 0.062). A separate multivariate analysis in the subgroup subjected to OGTT (31 patients operated on later and 6297 subjects from the background population) revealed on the other hand that a low 120-min insulin/glucose ratio remained a predictor for later carotid surgery (OR 0.66, 95% CI 0.49-0.88; p = 0.005).
Among the 85 operated patients, 19 (22%) underwent surgery because of asymptomatic high-degree carotid artery stenosis. There were no differences concerning the screening variables among patients operated on because of symptomatic and asymptomatic carotid artery stenosis. Nor were there any significant differences concerning the predictors of surgery among patients with time intervals between screening and surgery below or above the median of 16 years. (Data not shown.)
Discussion
Risk factors associated with subclinical intima-media thickness in population studies might very well differ from risk factors for the development of symptomatic or asymptomatic high-degree carotid artery stenosis necessitating surgical treatment. In this study, however, the importance of high blood pressure, 4,5,7-9 total cholesterol, 5,8,9 smoking, 4,5,7-9,14,15 and fibrinogen 1 as risk factors for increasing IMT were found to be also relevant for the prediction of 15 smoking, but not hypertension, diabetes or hypercholesterolemia, was independently associated with the presence of moderate to severe (Ն60%) carotid artery stenosis. Increased SBP, blood cholesterol levels and smoking are established risk factors for carotid artery stenosis in an elderly population. 8 In a small group of patients (n = 38) with already existing asymptomatic carotid artery stenosis, concomitant coronary artery disease, and high LDLcholesterol and fibrinogen levels were predictors of stenosis progression, in contrast to other traditional risk factors for atherosclerosis, such as hypertension, diabetes and smoking. 1 We found that subjects later subjected to carotid endarterectomy showed a lower insulin/glucose ratio at 120-min after an OGTT. This relationship persisted in the multivariate analysis, but not after post hoc adjustment of p-values, and should therefore be interpreted with caution. However, the previously presented relationship between increased 2h insulin levels at OGTT and higher IMT, 19 which furthermore was lost in analysis of variance, 19 does not seem to exist when the late insulin response to the OGTT is related to clinically important carotid artery stenosis. Instead, a lower insulin/glucose ratio 120-min after OGTT was associated with an increased risk for carotid surgery. This concept of hypoinsulinemia as a risk factor for atherosclerosis has been presented previously 23, 30, 31 and has been attributed to insufficient cell insulinization. 23 Our data are partly consistent with the results of Bonora and co-workers, 23 who found that both hypo-and hyperinsulinemia 2 h after an oral glucose load was related to carotid atherosclerosis. 23 As relationships between carotid atherosclerosis and insulin have been reported to differ between sexes, 10, 31 it is important to note that Bonora's study 23 included nearly 50% women, while our study population was dominated by male subjects.
In a population study of 13 282 subjects, BMI at both age 25 years and ages 45-64 years, as well as weight gain in adulthood were associated with increased IMT of the carotid artery in white middle-aged men and women. 13 In our study, on the other hand, we found no association between a history of weight gain and later carotid surgery.
In 40-79-year-old subjects, alcohol consumption of 1-50 g/day is protective against carotid atherosclerosis, whereas consumption of above 100 g/day clearly increases the risk for progression of carotid atherosclerosis, 16 even after adjustment for potential confounding factors such as smoking and lipid levels. The significant difference in GT values between operated patients and the background population in our study supports the hypothesis of a relationship between high alcohol consumption and development of carotid artery stenosis. As the finding was lost in both the post hoc adjustment and the multivariate analysis, it must be interpreted with caution, however.
The relationship between a lower FVC at screening and an increased risk of development of carotid artery stenosis necessitating surgery is interesting because lower pulmonary function measured as FVC has been related to an increased prevalence of subclinical cerebral infarctions and white matter lesions detected with magnetic resonance imaging. 32 As our finding was lost in both the post hoc adjustment and the multivariate analysis, however, it might have been related to the increased prevalence of smoking at screening in the group that were later operated on.
A limitation of our study is that the screening variables were recorded only once, and not re-evaluated during the follow-up period. Single evaluations of different risk factors in middle-aged individuals may underestimate true associations with clinical vascular disease such as carotid artery stenosis occurring in old age, and multiple time-integrated measurements of risk factors have therefore been advocated. 8 There were no differences concerning the study variables at screening among subjects operated on because of symptomatic and asymptomatic carotid artery stenosis. These results are concordant with on-going studies, in which we are currently testing whether markers of infection or inflammation differ between patients operated on because of symptomatic and asymptomatic carotid artery plaques, so far without having detected any differences. This indicates that factors other than those evaluated in our studies influence whether a carotid artery plaque or stenosis leads to embolization and subsequent neurological symptoms or not.
In conclusion, increased SBP and total cholesterol, a lower 2-h insulin/glucose ratio at an OGTT, and smoking are independent predictors of carotid surgery during longterm follow-up.
